Background: Recent studies have indicated that abnormal glucose levels and diabetes are negatively associated with the prognosis of patients with chronic hepatitis C virus (HCV) infection. The genetic polymorphism of the promoter region -1260 of a gene encoding the enzyme 1-alpha-hydroxylase (CYP27B1-1260) has been shown to have an impact on the signaling pathways involved in insulin secretion.
Background
Recent studies have suggested that impaired fasting glucose (IFG) and type 2 diabetes mellitus (T2DM) are not only are associated with chronic hepatitis C virus (HCV) infection, but also aggravate liver damage, thereby adversely affecting the prognosis in these patients (1, 2) . The risk factors for IFG and T2DM, and the underlying molecular mechanisms by which HCV infection influences the susceptibility of patients to T2DM, remain largely unknown (3, 4) . Increased fasting blood sugar levels during interferon therapy in patients with chronic hepatitis C have attracted considerable interest. Enhanced autoimmune reactions to interferon treatment have been suggested as a contributing factor for impaired pancreatic function and insulin resistance, but definitive evidence of this association has yet to be obtained (5, 6) . Interferon therapy is the primary treatment regimen for HCV infection in China, and its association with IFG and T2DM requires further investigation (7) .
With the advances in genome-wide association technology, significant progress has been made in isolating the genetic determinants of susceptibility to hyperglycemia. Over two dozen T2DM-associated genes have been identified, but the crucial ones that initiate the pathogenesis of T2DM have yet to be discovered (4, (8) (9) (10) . Recently, the active form of vitamin D 3 (1,25(OH) 2 D 3 ) was shown to be closely associated with the development and prognoses of several diseases (11) . Studies have shown that 1,25(OH) 2 D 3 can increase the cytoplasm Ca 2+ levels in islet β cells, enhance the binding of calmodulin to insulin receptor substrate 1 (IRS-1), regulate the PI3K/AKT signaling pathway, and stimulate insulin secretion, indicating that 1,25(OH) 2 D 3 deficiency may play a role in the pathogenesis of T2DM (12) (13) (14) (15) . Renal mitochondrial enzyme 1-alpha-hydroxylase, converting 25(OH)D 3 to 1,25(OH) 2 D 3 , is encoded by gene CYP27B1. Polymorphisms of CYP27B1 have been associated with the plasma levels of 1,25(OH) 2 D 3 (16) . However, whether this gene polymorphism is also associated with the impaired fasting glucose in patients with HCV infection remains unclear.
Objectives
As a result of these observations, in the present study, we aimed to investigate the effects of CYP27B1-1260 polymorphism on fasting blood glucose in patients with chronic hepatitis C, both before and after treatment with pegylated interferon alfa-2a and ribavirin (Peg-IFNα-2a/RBV) therapy.
Patients and Methods

Patients
Patients with chronic hepatitis C who were admitted to the China-Japan Union hospital of Jilin University and the second hospital of Daqing in the period between 2009 and 2013 were enrolled in this observational cohort study. Diagnosis of chronic hepatitis C was conducted as per the clinical guidelines of the American association for the study of liver diseases in 2004 (17) . IFG were diagnosed as per the American Diabetes Association guidelines from 2009 (18).
Inclusion Criteria
The inclusion criteria consisted of: 1) confirmed HCV infection with an HCV viral load > 50 IU/ml; 2) no history of antiviral therapy. The exclusion criteria were: 1) pregnancy; 2) liver cirrhosis; 3) patients with mental illness, uncontrolled epilepsy, autoimmune diseases, symptomatic or severe heart disease, and impaired kidney function; 4) alcohol or substance abuse; 5) infection with hepatitis A, B, D or E, EBV, CMV, or HIV infection; 6) presence of gastrointestinal bleeding, hepatic encephalopathy, primary liver cancer, and other complications.
A total of 491 patients with chronic hepatitis C qualified for the selection criteria and were enrolled in the study.
Thirty patients withdrew from the study due to complications from interferon therapy or loss during the followup process (18 with either neutropenia or thrombocytopenia; three with decreased hemoglobin; two with thyroid dysfunction; one with interstitial pneumonia, and six lost during the follow-up). Therefore, a total of 461 patients were included in the final analysis. Meanwhile, 300 volunteers without HCV infection from the same geographical area were enrolled in the control group. Informed consent was obtained from all study subjects. The study was approved by the Ethics Committee at the China-Japan Union Hospital of Jilin University and the second hospital of Daqing, Changchun, Jilin province (study code: CHICTR-ONRC-12002207.
Study Design
HCV-infected patients and healthy controls were divided into FPG normal and abnormal groups according to the baseline FPG levels. All HCV patients were administered Peg-IFNα-2a/RBV treatments for 24 weeks. Correlations between the CYP27B1-1260 genotypes and abnormal FPG at baseline and after therapy were assessed. Risk factors affecting impaired fasting glucose were also investigated through backward logistic regression. A schematic illustration of the study design is shown in Figure 1 . 
Treatment Regimen and Efficacy
In patients diagnosed with T2DM, insulin was administered to control the FPG levels prior to the initiation of Peg-IFNα-2a/RBV treatment. The Peg-IFNα-2a dosage was patients with HCV genotype 1 infection, while the duration was 24 weeks for those with other HCV genotypes.
The RBV dosages were as follows: 1) for patients with HCV genotype 1 infection, 1200 mg/d for those weighing > In the event of the development of leucopenia, the Peg-IFNα-2a dosage was reduced as described above. If pancytopenia occurred, cell growth-stimulating factor (C-GSF) and erythropoietin were administered, and the Peg-IFNα-2a dosage was reduced or discontinued. Upon resolution of the adverse effects, the Peg-IFNα-2a dosage was gradually restored to the standard level. An FPG level ≥ 5.6 mmol/L indicated IFG, while the FPG was considered as having improved if the level was < 6.1 mmol/L following reduced dosage or discontinuation of insulin treatment. Insulin treatment was considered to be ineffective if FPG level was ≥ 6.1 mmol/L even with an appropriate dose of insulin (18).
Clinical and Laboratory Parameters
Age, gender, and body mass index (BMI) were collected during the participants' first clinical visits by professional staff. Both the weight and height of each participant were recorded on a scale. BMI was than calculated by height (m) divided by weight (kg) 2 .
Laboratory parameters were assessed in patients prior to the initiation of antiviral therapy. These included: FPG, liver function, anti-HCV antibodies, HCV RNA quantification, HCV genotyping, IL-28B genotypes, and CYP27B1-1260 genotypes. During the first month of Peg-IFNα-2a/RBV treatment, routine blood tests were performed at weekly intervals. Afterwards, the test was performed at monthly intervals until the sixth month, followed thereafter by once every three months. Liver function and FPG were examined once every month during the course of treatment, and once every three months post-treatment. The HCV RNA levels were measured at weeks 4, 12, 24, and 48 of treatment, and at 6 months post-treatment. Patients with abnormal pre-treatment thyroid function were monitored at monthly intervals.
The routine blood test was performed using the XE-5000 Hematology Analyzer (Sysmex, Kobe, Japan).
Liver function and FPG were measured by using an automatic biochemistry analyzer with the relevant reagents obtained from Beckman Coulter (Pasadena, CA, USA). Serum HCV RNA levels were determined using a realtime quantitative polymerase chain reaction (RT-qPCR), the reagents for which were obtained from Da'an Gene of Yat-Sen University (Guangzhou, Guangdong, China). The HCV genotype was determined using the PCR-oligo hybridization-ELISA kit obtained from Lanxing Biotech (Guangzhou, Guangdong, China). The IL-28B genotype was determined using an ABI3730 sequencer obtained from Sangon Biotech (Shanghai, China) following the manufacturer's instructions.
The CYP27B1-1260 polymorphism was examined through sequencing by using the primers: F 5'-GGTGGCGTATGCCTGTAGTG-3', R 5'-TGTTCCCTAAGTGTTGTCTCTGG -3'. The results were analyzed with 3730 fast system image analytic software V1.3.1 (Applied Biosystems, Foster City, CA, USA).
Statistical Analysis
Quantitative data were expressed as mean ± standard deviation (SD); inter-group differences were assessed using a t test or nonparametric statistical methods. Qualitative data were expressed as percentages (%); a Pearson chisquare test was performed to assess differences in genotypes and allele frequencies. The allele frequency of the CYP27B1-1260 rs10877012 A/C polymorphism was calculated with the Hardy-Weinberg Equilibrium test. Stepwise logistic regression analysis was performed, and odds ratios (OR) with 95% confidence intervals (CI) were calculated. Posthoc power was 85.3% based on the estimated relative risk for CC genotype as four times higher than AA or AC. A P value of < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS Statistical Analysis Software Version 19.0 (SPSS Inc., Chicago, IL, USA).
Results
Baseline Characteristic in Chronic Hepatitis C Patients
A total of 461 patients (251 males, 210 females; male: female = 1.19:1) with chronic hepatitis C were recruited for the study. The average age of the patients was 44.6 ± 7.1 years (range 31 -72 years). Baseline characteristics are outlined in Table 1 . Patients with higher fasting plasma glucose were significantly older (P < 0.001), had higher body mass index (P < 0.001), and had higher ALT levels (P < 0.001). More patients in the abnormal FPG group had positive family histories for diabetes (P < 0.001). More importantly, the CYP27B1-1260 genotype frequencies were significantly different between the FPG groups (P = 0.001), whereas the IL-28B genotypes were similar between groups (P = 0.375).
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There were no significant differences in gender distribution, HCV genotype, or HCV RNA load. 
CYP27B1-1260 and IL-28B Genotypes and Allele Frequencies
The genotype and allele frequencies of CYP27B1-1260 were compared among the four subgroups (Table 2 ). In the HCV patients, the CC genotypes were significantly higher in patients with abnormal FPG than ones with normal FPG (P < 0.001), whereas in the healthy controls, no such difference was observed (P = 0.805). There was no difference in the C allele frequencies between patients with or without normal FPG in either the HCV or healthy participants. When comparing the genotype frequencies to those of the control participants, no sufficient difference was observed (Table 2) .
IL-28B genotype analysis showed that 375 patients were found to have the CC genotype, while 86 patients had the CT genotype, and no patients had the TT genotype. There was no difference in IL-28B genotypes between the FPG groups (P = 0.375).
Proportions of Impaired Fasting Glucose Throughout Antiviral Treatment
In the 461 HCV-infected patients, the accumulated proportions of IFG are presented in Figure 2 . At baseline, 50% of the CC patients already had higher fasting glucose, while in week 12 of the antiviral treatment, 56.3% of the CC patients were diagnosed with IFG through the fasting glucose test. At the end of the treatment process, over 80% of CC carriers had higher fasting glucose. The proportions of IFG at the three time points were all significantly higher than those of the AA or AC participants (all P < 0.001). 
Associations Between Genotype Polymorphism and Risk of Impaired Fasting Glucose
At baseline, associations between CYP27B1-1260 and IL-28B genotypes and IFG risk are presented in Table 3 . The CC genotype was significantly associated with a higher risk of IFG in a multivariable regression model (OR: 4.11, 95%CI: 1.98 -8.52), whereas the IL-28B genotype CT was not associated with a risk of impaired glucose (OR: 1.04; 95%CI: 0.60 -1.81).
After 24 weeks of anti-HCV treatment, 38 patients experienced newly-developed higher fasting glucose. A backward logistic regression model was used to analyze the risk factors associated with the increased likelihood of newlydiagnosed IFG (Table 4 ). The CYP27B1-1260 CC genotype was significantly associated with an increased likelihood for newly-developed IFG as compared to the AA genotype (OR: 26.12; 95%CI: 7.85 -86.92; P < 0.0001). Other risk factors included age and BMI. Multi-variable regression showed a similar trend (OR: 26.54; 95%CI: 7.80 -90.32; P for trend < 0.0001; Table 5 ). The IL-28B genotype was not associated with newly developed IFG either before or after multivariable adjustment.
Discussion
This study demonstrated that the CC genotype of CYP27B1-1260 was associated with a higher risk of impaired fasting glucose in HCV infected patients, especially during anti-viral treatment. To our knowledge, this was the first study investigating genetic polymorphism and hyperglycemia in Chinese HCV-infected patients.
Chronic HCV infection complicated by diabetes could aggravate liver injury (2). The incidence of T2DM during chronic HCV infection has been reported to be 13.8% in a case control study (20) , which was higher than the rate known to be induced by other chronic liver diseases (1). In our study, we observed 27.3% of HCV patients with impaired fasting glucose at baseline, whereas 11.3% of HCV patients developed IFG during 24 weeks of anti-viral therapy. Previous studies also suggested that HCV patients were more susceptible to developing insulin resistance (21) and impaired glucose tolerance (22) . Therefore, our results reinforced the evidence that chronic HCV infection and diabetes were inter-related.
In our study, we also observed a higher risk of IFG in HCV patients with the CC genotype of CYP27B1-1260. Current studies on genetic factors associated with T2DM primarily focus on the genes implicated in insulin resistance and the dysfunction of islet β cells (4). Nevertheless, viHepat Mon. 2016; 16(9):e35179. 5 Investigation of the gene CYP27B1 encoding 1-alphahydroxylase showed that the polymorphism in its promoter region-1260 has a substantial impact on the enzymatic activity of 1-alpha-hydroxylase and thus influences the serum 1,25(OH) 2 D 3 level (16) . Further studies have found that HCV infected individuals carrying the genotype CC had significantly lower serum 1,25(OH) 2 D 3 levels and showed poorer sustained virological responses to interferon therapy when compared with those carrying the AA and AC genotypes (16) . Besides its impact on HCV infection, previous research has suggested a possible relationship between CYP27B1-1260 polymorphism and the persistence of, but not susceptibility to, hepatitis B virus (HBV) infection (26) . In patients with type 1 diabetes mellitus (T1DM), the mRNA levels of CYP27B1 in the peripheral blood mononuclear cells of those with CC genotype have been reported to be much lower than those in the healthy controls (27) . Consequently, the CYP27B1-1260 genotype CC has been considered to be a risk factor for T1DM (27, 28) . All of these results, including our own, imply that, as a factor influencing the level of active vitamin D in the human body, the genotype CC may contribute to the development of hyperglycemia and T2DM.
In the present study, the CYP27B1-1260 genotypes were examined in patients with both chronic HCV infection and in controls at baseline. The marked higher frequency of the genotype CC in the HCV infected patients with abnormal FPG levels was not observed in the uninfected controls. Therefore, it appears that the genotype CC is more frequently associated with abnormal FPG in patients with chronic hepatitis C. During antiviral therapy, the genotype CC was consistently associated with a higher risk of IFG in HCV patients. Previous studies suggested that the genotype CC of CYP27B1-1260 was a potential risk factor for T1DM, T2DM, Hashimoto's thyroiditis, Graves' disease, chronic hepatitis B, and hepatitis C (29) . However, contrasting results have been reported from studies on some other diseases including multiple sclerosis. In some cases, the CYP27B1-1260 polymorphism does not seem to be associated with disease progression (30) . We therefore think that the role of 1-alpha-hydroxylase might be disease-specific, and that the involvement of CYP27B1-1260 polymorphism as a genetic susceptibility factor in pathogenesis should be defined individually for different disease types. Although our results require further validation through clinical studies, they still provide a new direction for the investigation of the relationship between chronic HCV infection and impaired glucose metabolism.
The strength of our study was the employment of a prospective cohort design to assess the records of HCV patients with newly developed abnormal fasting glucose. There were also certain limitations in our study, which ought to be highlighted. First, the functions mediated by vitamin D are also in part related to the gene polymorphisms of the vitamin D receptor and the vitamin Dbinding protein. We did not examine the genotype distribution of these genes in our patients, nor did we evaluate the levels of vitamin D in the participants. Furthermore, insulin was frequently administered in patients who showed abnormal FPG levels during the antiviral treatment; however, the extent of its influence on the results of our study remains largely unclear. These issues should be addressed in future investigations.
In conclusion, the CYP27B1-1260 polymorphism is associated with abnormal glucose metabolism in HCV-infected patients. HCV patients with CYP27B1-1260 genotype CC appear to be at an increased risk of developing abnormal FPG levels both during and after antiviral treatment.
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